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Capacities of 
Channel Sections 

4.00 

"Values of qngt are for values of 3 = 8 ft 
values of ;4 see table 2, ES-88. 
tValues are for channels of 3 to 1 slope. 

DEFINITION OF SYMBOLS 

= Height ndrmal to slope so of side- 
wall of channel in ft 

= Vertical drop from crest of inlet 
to floor of outlet in ft 

- Vertical distance from crest of 
mlet to top of floor at en- 
trance of vertical curve section 
in ft. T1,is is zero for straight 
inlets 

: Vertical distance from upstream end 
to downstream end of channel 
in ft 

= Height of sidewalls of SAF above 
floor in ft 

= Vertical drop of vertical curve 
section in ft 

= Width of vertical curve section 
in ft 

= Number of channel sections required 
= ~an-l so 
= Slope of floor of channel in ft/ft 
= Design discharge in cfs 

For other 

FORMULAS 

F = Z + N c o s e - ( J + & + D )  

- (1.20 + 0.003 z) Q~ Qfr - 

9m = qmc 

9fr = Required capacity without freeboard 
in cfs 

qmC = Capacity per foot width of channel 
without freeboard in cfs/ft 
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CHUTE SPILLWAY: CHANNEL: Example 
. .- -. . . . 

EXAMPLE 

Given: A chute of width, W = 10 f t ,  has a design dischargr ,  Qr = 360 cfs, and a 7 t o  1 slope.  The chute - 
has a v e r t i c a l  drop from the  c r e s t  of t h c  s t r a i g h t  i n l e t  t o  the  f l o o r  of the  o u t l e t  of Z = 47 f t .  Tne 
v e r t i c a l  curve sec t ion  has a v e r t i c a l  b o p  of 3 = 8 f t  and the  SAF c u t l e t  has t h e  dimension J = 15 f z .  
The i n l e t  w i l l  r equ i re  no freeboard a s  a r e s u l t  of waves. 

Determine: 1. The recommended required capaci ty of the  chute: ( i )  Qfr; ( i l )  qfr 
2 .  The required height of ti$.- s idewalls ,  N ,  of t h e  channel 
3.  The v e r t i c a l  drop, F, r e q d r e d  f o r  t h e  channel 
4.  The number of j o i n t s  i n  t h e  channel i f  they a r e  spaced l e s s  than o r  e q u ~ l  t o  9.5 f t  

( v e r t i c a l l y )  a p a r t  
5 .  The ve loc i ty  and depth o f  flow with a i r  en.trai.nmant and without a i r  entrainment a t  the  end 

of the  channel s e c t i o n  f o r  t h e  discharge Qfr 

Solut ion:  1. The recommended required capaci ty of t h e  chute is  

'ci) gfr = (1.20 + 0.003 z )  Q~ 

Qfr  = p . ? 0  + 0.003 (47)] 380 

Q~~ = 509.6 c f s  

2 .  ( a )  The required height  of the  s idewalls  of t h e  channel mav be read f r o m  t h e  t a b l e  On 
shee t  2 a s  

N = 2.50 f t  

(b) The required height  of t h e  s idewalls  of t h e  channel may a l s o  be read on sheet  5 a t  the  
jn te r sec t ion  of Q f r  = 309.6 c f s  and W = 10 f t  a s  

N = 2.50 f t  

3.  The vertical drop of the  charnel  i s  given by t h e  formula ( D  = 0 )  

F - z + N cos a - ( J  + a )  
F = 47 + 2.57 - (15 + 8) 

F = 26.37 f t  

Values of N cos e when e = tan-' 0.33333 a r e  given in t h e  t a b l e  on shce t  2.  

Three j0lnt.s a r e  r equ i red .  

5 .  The downstream end of t h e  channel i s  loca ted  a v e r t i c a l  d i s t ance  o f & +  F o r  
8 + 26.37 = 34.37 f t  below the  f l o o r  of the  i n l e t .  Read on ES-78 the  i n t e r s e c t i o n  of 
q = 50,96 cfs and y = 5k.j.i  f t  t h e  values 

d - 1 . 6 6  f t  

P = 1.33 

The veloci ty,  v, of the  air-water  admixture i s  

The depth of water without a i r  entrainment i s  

The depth of a i r -wa te r  admixture, rl,, i s  

aa = p d - ( l . j j ) ( 1 . 0 6 6 ]  = 1.42 f t  

- - . . - 
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The criteria for the dimensions of the SAF outlet were developed by 
Fred W .  lai is dell', Hydraulic Engineer, SCS, St. Anthony Falls Hydraulic 
Laboratory. These criteria are given as design formulas in ES-73, page 
2.193, and ES-86, page 2.198. (see ES-'73, page 2.193, for nomenclature. ) 

Function of SAF Outlet. The function of the SAF outlet is to convert, 
for all discharges equal to or less than the design discharge, supercritical 
velocities to subcritical velocities in a manner which will be nonerosive in 
erosible channels. Obviously, certain criteria will be required of the chan- 
nels downstream from the outlet for its proper functioning. These require- 
ments will be presented later. 

Freeboard. The SAF outlet functions well for all discharges less than 
its capacity without freeboard. It will generally function quite well for 
greater discharges for short periods of flw. The freeboard reconrmended for 
SAF outlets is expressed in terms of the increased discharge fr. (see Eq. 
2.1, page 2.7.) The recommended required capacity of the SAF outlet without 
freeboard is Qf, as defined by Eq. 2.2, page 2.7. 

Hydraulic Criteria. The criteria for the SAF outlet are eqressed by a 
graph having the coordinates vl and d,. (See ES-73.) These criteria are 
applicable for a range of Froude's numbers from 3 to 300. The coordinate dl 
(entrance depth) is the fictitious depth of flow d as given by ES-78 and 
ES-86. As given by ES-78, the value of y is the vertical distance between 
the floors of the inlet and outlet of a chute spillway having a 3 to 1 slope. 
The depth of d, for chutes having bottom slopes other than 3 to 1, 4 to 1, 
and 10 to 1 m y  be calculated by the general differential equation given in 
ES-78, page 2.145 or interpolated using the diagrams of ES-78. The effect 
of air entrainment can be neglected in the design of SAF outlet. The coor- 
dinate vl is the entrance velocity as determined by ES-78 and the equation 

Knowing dl and vl make it possible to determine $ and J from sheet 2 of 
ES-73. For Froudets numbers less than 20, the crest of the boil occurs in 
the stilling basin. For higher Froude's numbers, the crest occurs downstream 
from the endsill. The height J of the stilling basin sidewalls is sufficient 
to keep most splash in the basin. This height is not excessive in most cases 

The wingwalls can be used as retaining walls for earth. Their prime 
function, however, is to prevent eddies along each side of the downstream 
channel which would cause excessive scour. Wingwalls can be set parallel or 
perpendicular to the sidewalls if necessary, but the 45O angle with the chute 
axis is the preferred location in terms of hydraulic functioning. 

Knowing d, and vl make it possible to determine the dimensions of the 
endsill s and the required tailwater height $. The endsill is used to 

'~laisdell, Fred W., Development and Hydraulic Design, Saint Anthony 
Falls Stilling Basin, Trans. ASCE, Vol. 113, p. 483, 1948. 



d e f l e c t  t h e  bottom c u r r e n t s  i n  t h e  f l o o r  of t h e  bas in  upward and o f f  of t h e  
s t ream 'bed. It i s  a l s o  used t o  defl-ect t h e  bottom c u r r e n t s  of t h e  r o l l e r ,  
which a r e  i n  an ugs t reLm d i r e c t i o n ,  upward. This r o l l e r  b r ings  bed m a t e r i a l  
from downstream and. depos i t s  it agarinst t h e  e n d s i l l .  Because of t h i s ,  a toe -  
w a l l  of only nominal depth i s  r equ i r ed .  The c r i . t e r i o n  of t a i l w a t e r  depth d; 
i s  a  minimum requirement f o r  t h e  SRF out,.let t o  funct,ion proper ly .  When t h e  
t a i l w a t e r  depth i s  t o o  low, t h e  r o l l e r  i s  forced  away from t h e  e n d s i l l  of 
t h e  o u t l e t .  When t,he t a i l w a t e r  i s  t o o  g rea t ,  the t a i l w a t e r  w i l l  flow i n  an 
eddy xpstream along t h e  sidewal..ls t o  r e - en te r  .the s t i l l i n g  bas in  and t h e  out-  
l e t  w i l l  not  func t ion  proper ly .  For those  s i t u a t i o n s  i n  which t h e  tailwa-ter 
can f l u c t u a t e  i n  depth f o r  a  d i scharge  equal  t o  t h e  requi-red capac i ty  without  
f reeboard,  t h e  minimum t a i l w s t e r  depth w i l l  determine t h e  e l e v a t i o n  of t h e  
e n d s i l l .  (See below. The stdewtill  he ight  J should. be Increased  i n  amount 
equal  t o  t h e  d i f f e r e n c e  between t h e  l ~ ! a x i l n ~  and minimum t a i l w a t e r  depths 
which may be  expected f o r  a  discha.rge equ.al t o  t h e  r equ i r ed  capac l ty  with-  
out f reeboard .  The SLW o u t l e t  w i l l  ope ra t e  s a t i s f a c t o r i l y  f o r  g r e a t e r  t a i l -  
water  depths t han  t h e  d; provided t k ~ e  s idewa l l  height,s a r e  s u f f i c i e n t l y  
g r e a t  t o  prevent  re -en t rance  of the  t s i l w a t e r  over t h e  t o p  of t h e  s idewa l l s  
i n t o  t h e  b a s i n .  The t a i l w a t e r  e l e v a t i o n  a t  the e n d s i l l  car, be  determined by 
computing t h e  water-sur:faee p r o f i l e  f  rorn a poin t  s u f f i c i e n t l y  f a r  downstream 
from t h e  e n d s i l l  f o r  a discha.r@e eq.ua.1 t o  the discharge Qfr. (See Engineer- 
ing  Handbook, Sec t ion  5 ,  Hydraul ics .  ) The flow i n  t h i s  reg ion  i s  s u b c r i t i c a l ;  
t he re fo re ,  t hese  c a l c u l a t i o n s  a r e  made i n  an upstream d i r e c t i o n .  The SAF 
o u t l e t  w i l l  no t  prevec t  e ros ion  in, t h e  channel downstream from t h e  SAF i f  t h e  
channel i s  scouring.  When a scouring condi t ion  e x i s t s ,  it should be r e a l i z e d  
t h a t  t h e  ta i lwa . te r  e l e v a t i o n  w i l l  be lowered a f t e r  a pe r iod  of t ime because 
t h e  channel bottom i s  lowered as a r e s u l t  of e ros ion .  Scouring can be con- 
t r o l l e d  by a g rad ien t  c o n t r o l  s t r u c t u r e  downstream from t h e  SAF o u t l e t .  The 
minimum requ i r ed  t a i l w a t e r  e l e v a t i o n  i n  terms of depth above t h e  SAF f l o o r  
can be a t t a i n e d  i n  one of two ways: 

1. Proper determinat ion of t h e  e l eva t ion  of t h e  SAF o u t l e t  f l o o r  
wi th  r e spec t  t o  the norierosive channel bottom. 

2 .  Construct ion of a, s t ruc tu . r e  down.strea.mn from t h e  SAF o u t l e t  t o  
f i x  t h e  t a i l w a t e r  e l e v a t i o n ,  

The c r - i t e r i a  f o r  chute  and f l o o r  blocks and t h e i r  placement a r e  given 
on shee t  1 of ES-75. P i t t m g  of concre te  due t o  c a v i t a t i o n  w i l l  occur a t  
t h e  f l o o r  and chute b locks  when t h e  e n t r ~ n c e  v e l o c i t y  vl i s  greaLer than  
65 f t / s ec . '  When such a condi t ion  occurs,  t hese  blocks can be designed of 
a shape t o  e l imina te  c a v i t a t i o n ,  The purpose of t h e s e  blocks i s  t o  remove 
energy from t h e  water  and he lp  c r e a t e  turbulence  t o  e f f e c t i v e l y  cause energy 
d i s s i p a t i o n .  

The bas in  having d iverg ing  s idewa l l s  appears t o  be s l i g h t l y  more e f f e t -  
t i v e  t han  t h e  b a s i n  wi th  p a r a l l e l  s idewa l l s .  

A l l  odd dimensions r ead  from ES-73 shoulci be increased  t o  t h e  next  even 
number t o  s imp l i fy  construct i .on.  

'~homas, 11. A , ,  and Hoplrins, C a v i t t ~ t i o n  on Baf f l e  P i e r s ,  Proceedings 
of -:he Second Hydraulic Conference, Iowa, June 1942. 



ES-86, page 2.202, g ives  the  capacity without freeboard b, of  SAF out-  
lets f o r  various values of dl, J, and LB. For a given required capaci ty  
without freeboard, a seudy of ES-78 and ES-86 w i l l  show an increase i n  the  
width of the chute w i l l .  decrease bo, dl, J, and LB. The corresponding 
values f o r  required t a i lwa te r  depth d$ md height of e n d s i l l  s i s  given on 
page 2.203. These values are a l so  l i s t e d  i n  tabular  form on pages 2.199 t o  
2.201. 





I HYDRAULIC DESIGN CRITERIA AND CHARTS FOR SAF STILLING BASlN 

DETAILS OF LAYOUT FOR FLOOR AND CHUTE B L O C S  

I .  HEIGHT OF FLOOR AND CHUTE BLOCKS IS dl 

2. WlDTH AND SPACING OF FLOOR AND CHUTE BLOCKS 
APPROXIMATELY 3d' 

4 

. - - - - - - - 3. NO FLOOR BLOCK SHOULD BE PLACED CLOSER TO 

RECTANGULAR S T I L L I N G  B A S I N  SIDEWALL THAN 3d 
(HALF-PLAN) mn 

8 
t 4 .  FLOOR BLOCKS OCCUPY BETWEEN 4 0  AND 55 PERCENT 
t- 3 OF S T I L L I N G  BASIN WIDTH AT BLOCKS 

5.  CHUTE BLOCKS TO B E  STAGGERED WITH FLOOR BLOCKS 
h 

sw n 4.1 6. A PORTION OF A CHUTE BLOCK OR A WHOLE CHUTE BLOCK 

\ I MAY BE ADJACENT TO A S IDEWALL 

7. SPACE BETWEEN SIDEWALL AND FIRST CHUTE BLOCK 
IS NOT TO BE GREATER THAN APPROXIMATELY ?.!?!L 

4 
8. BLOCKS ARE TO BE SYMMETRICAL ABOUT STILLING BASIN 

T R A P E Z O I D A L  S T I L L I N G  CENTER LINE 

B A S I N  (HALF- PLAN) 

- -- 

CHUTE BLOCKSA'.'.'.' . "V ..: '7 ' : 
FLOOR OF BASIN 

S E C T I O N  A L O N G  C E N T E R  L I N E  

DESIGN FORMULAS 

3 5  F; 5 300 

DEFINITION OF SYMBOLS 

F; = FROUDE'S NUMBERS& (D~MENSIONLESS NUMBER) 
S d, 

v ,  = ENTRANCE VELOCITY OF WATER TO S A F  STILLING BASlN - F T  /SEC. 

d, = ENTRANCE DEPTH OF WATER TO S A F  S T I L L I N G  B A S I N -  F E E T  

L8= LENGTH OF S A F  STILL ING B A S I N -  FEET 

J = HEIGHT OF SIDEWALLS OF S A F  S T I L L I N G  BASIN-  F E E T  

s = HEIGHT OF TRANSVERSE END S I L L  OF $ A F  S T I L L I N G  BASIN-FEET 

dd = REQUIRED HEIGHT OF TAILWATER OVER S A F  S T I L L I N G  B A S l N  -FEET 

dz = SEQUENT DEPTH OF FLOW TO DEPTH dl - FEET 

g = ACCELERATION DUE TO GRAVITY - 32 16 FT./sEc.' 

W, = WlDTH OF SAF STILLING BASlN AT DOWNSTREAM END OF CHUTE BLOCKS-FEET 

W2 = WlDTH OFSAF STILLING BASIN AT UPSTREAM END OF FLOOR BLOCKS-FEET 

W3 = WlDTH OF S A F  S T I L L I N G  BASlN AT DOWNSTREAM END- FEET 

Z = DIVERGENCE OF SIDEWALL ( R A T I O )  

REFERENCE 

Bloisdell. F.W. "Development ond Hydraulic 
Design. Soint Anthony Falls Stilling Bosin'.' 
(SAF Stilling Basin) 
Tr0ns.A S C E 113 P, 483-561;1948 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DIVISION-DESIGN SECTION 

STANDARD DRAWING NO. 
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SHLET 1 OF 
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HY DRAULlC DESIGN CRITERIA AND CHARTS 
FOR SAF STILLING BASIN 

5 15 20 25 30 35 4 0  45 5 0  5 5  60 65 70 

VALUES OF ENTRANCE VELOCITY. u,, IN FEET PER SECOND 

REWRENCF 

I 
STANOhRD DRAWING NO 
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The General Layout  Drawing 

Numerical  va lues  shown 
a r e  suggested minimums. 

4 
ALTERNATE JOINT DETAIL HALF-PLAN 

LJ 

ISOMETRIC VIEW 

REFERENCE: 

Revised: 11-1-54 

NOTE - 
Hydraulic C r i t e r i a  and Formulas are  given 

b y  ES-73, or by sheets 2,6, and 7 o f  t h i s  
drowing. 

C a ~ a c i t i e s  for t h i s  s t r u c t u r e  a re  given on  
sheets 2 througn 7 of t h i s  drawing. 

The backfill will be l imited t o  one o f  the following 
heights, whichever is least :  

I .  Top o f  sidewall and wingwall. 
2. 3d ;  above the floor o f  t he  basin. 
3. 5 f e e t  above the f l o o r  o f  t he  basin. 

U. S. DEPARTMENT OF AGRICULTURE STANDARD WG' I SOIL CONSERVATION SERVICE I ES-86 
ENGINEERING DIVISION- DESIGN SECTION SHEET I OF SHEETS 

DATE 3-30-54 

Revised 



I CHUTE SPILLWAYS: SAF OUTLETS; 
Definition o f  symbols and Formulas 

v 
F, = Froude ' s  r i m L c r  1 at eritr:>ncc of  SAF bas113 (d imens ion les s  numbcr)  

~ 6 ,  
J = Height of s:idewnlls oi' SAF :ibovc f l o o r  i n  ft 
Lg = Length of SAF b a s i n  (incLudi.ng end sill) i n  f't 

dl = Height of f l o o r  m d  chu te  b l o c k s  a.bove fl.oor of SAF b a s i n  i n  f t  
dl Entrance  d e p t i ~  of  wa te r  wi thout  a i r  t o  SAF basin in f t  
s = Hei{:ht o f  t r a n s v e r s e  end sill above f l o o r  of S M  b a s i n  i n  inches  

d; = Required h e i g h t  of t a i l w x t e r  above f l o o r  of  SAF bas  i n  i n  f t  
d2 = Sequent depth  of f low t o  depth  d, i n  f t  
v, - Eritrancc v e l o c i t y  o f  wa te r  t o  SAF bnsin i n  f t / n e c  
W = Width of  SAF o u t l e t  i n  f t  

4, = Design discharge in c f s  

Q f r  = Recommended r equ i red  c a p a c i t y  wi thou t  f r e e b o a r d  of SAF o u t l e t  i n  c f s  
Qmo = Capac i ty  wi thou t  freeboard of SAF o u t l e t  i n  c f s  
Qso = Capaci ty  of  SAF o u t l e t  i.n c f s  

qr  = Design d i s c h a r g e  per f o o t  width  i n  c f ' s / f t  
q,, = Capac:ity wi thou t  f r e e b o a r d  of SAF o u t l e t  p e r  f o o t  width  in c f s / f t  
so = Slope of  bottom of  ck~arinel i n  the SAF o u t l e t  f t / f t  
N = P e r p e n d i c u l a r  h e i g h t  of' s i d e w a l l s  above ch:innel f l o o r  a t  ups t ream end of SAT 

o u t l e t  i n  f t  
g = A c c e l e r a t i o n  due t o  gravi ty--52.16 f t / s e c 2  

DESIGN FORMULAS 

j <F, S 3 O O  
vie 

1. F, = - 

The b a c k f i l l  w i l l  be l i m i t e d  t o  
one o f  t h e  fo l lowing  h e i g h t s ,  
whichever i s  l e a s t :  

1. Top of  s i d e w a l l  and wing- 
w a l l .  

2. $d; above t h e  f l o o r  of  
t h e  b a s i n ,  

3. 5 f e e t  above t h e  f l o o r  of 
t h e  basin. 

REFERENCE S T A N D A R D  DWG. NO. 
ti.S I_)EI'AKThlENT O F  AGRICULTURE 
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35.813 
37.252 
34.836 
40.99 
41.715 
41.715 
43.152 
43.152 
411.59 
46. ooc 
47.35: 
47.35: 
M.692 
48.69; 
50.03: 
50.03: 
51.37e 
51.37@ 
51.37e 
52.74C 
52.7'4 
52.74C 
9.114 
54.114 
9. 114 
55.41;: 
55.412 
55.412 
55.412 
56.744 
56.744 
56.744 
57.994 
57.994 
57 -994 
57.994 
59.32E 
59. 32E 
59.32E 
59.32E 

- 
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2.202 

CHUTE S P I L L W A Y S :  S A F  O U T L E T S  J in f e e t  
Capacities without freeboard for various dimensions L,in fee t  

REFERENCE I 

I Blolsdel l ,  F W "Osualoprnsnt And Hydrouloc 
Deslon, S o ~ n t  Anthony Folls Sttllmp B o r l n "  

U 5 DEPARTMEN'T OF AGRICULTURE 

( S A F  s t ~ l l ~ n g  Baron) I SOIL CONSERVATION SERVICE 
1 Trans. A S  C E 113P. 4 8 3 - 5 6 1 . 1 9 4 8  I 

I T h o  dlogram w a s  developed by Poul  D Doubt, I ENGINEERING IIIVISION-DESIGN SECTION 
Engwearlng Deslpn S s c t ~ o n  

E S - 8 6  
SHEET 6 OF 

DATE 3 - 2 - 5 4  
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CHUTE SPILLWAYS:  S A F  O U T L E T S  
T a i l w a t e r  requirment  a n d  e n d  sill h e i g h t .  I d; in  feeT 

s  in inches 

REFERENCE I J STANDARD D W G  NO 
Blalsdel l ,  F  W " ~ e v e l o p m e n t  And Hydroul~c IJ S DJFAIf lMENT OF ACRICU1,TURE 
Design. Samt Anthony Falls Sfllllng B o r l n "  
( S A F  s t ~ l l l n g  Baslnl  SOIL CONSERVATION SERVICE E S - 8 6  
Trans A S  C E I I 3P .  4 8 3 - 5 6 1 . 1 3 4 8  

ENGINEERING UIVISION-DESIGN SECTION 
SHEET , O F  ' 

Thlr dtagram wos developed by Poul 0 Doubt, 
Engneer lng  Design Sect lon DATF 2 - 2 5 - 5 4  



CHUTE SPILLWAYS: S A F  OUTLETS; Example 

I EXAMPLE 

Given: A chute having a s t r a i g h t  i n l e t ,  a bottom slope of  3 t o  1 and a v e r t i c a l  drop 
of  Z = 50 f t  from t h e  c r e s t  of  i n l e t  t o  t h e  f l o o r  of  t h e  o u t l e t .  The design d i s -  
charge i s  200 c f s  W = 8 ft 8 = 8 f t  

Determine: 1. 
2. 

3. 
4. 

Solut ion:  1. -- 

Required capac i ty  without f reeboard.  
The he igh t  o f  t h e  channel s idewal l s ,  N,  and en t rance  depth,  d l ,  of  
flow t o  SAF o u t l e t  without  a i r  entrainment. 
Dimensions of  SAF o u t l e t .  
Required depth o f  t a i l w a t e r .  

The requi red  capac i ty  without f reeboard,  Qfr, i s  

Q, = (1.20 + 0.003 2 )  Q, 

Qfr = l1.20 + (0.003)(50)] 200 = 270 c f s  

= &fr - 270 = qfr - 8 33-75 Cfs / f t  

The requi red  height  of channel  s idewal l s ,  N ,  i s  read  from t a b l e  3b of  
ES-88 as 

N = 2.00 f t  

The en t rance  depth of  flow without a i r  entrainment, d l ,  i s  obtained 
from ES-78. I n t e r p o l a t i o n  f o r  t h i s  depth between W = 6 and W = LO 
from s h e e t s  9 and 11 obta in  

dl  = 0.659 f t  

The dimensions of t h e  SAF may be read  from ES-73 o r  ES-86. 

a .  The dimensions of  t h e  SAF a s  given on sheet  6 of  ES-86 when 
q = 33.75 c f s / f t  and d l  = 0.659 f t  i s  

J = 11.5 f t ;  Lg = 7.5 f t  

The height  of t h e  end s i l l  a s  given on sheet  7 o f  ES-86 when 
q = 33.75 c f s / f t  and d l  = 0.659 f t  i s  

s = 8 inches 

Since t h e  va lue  o f  d l  i s  known, t h e  s i z e  and spacing of  f l o o r  and 
chute  blocks can be determined from shee t  1 of ES-73. 

b. The dimensions of t h e  SAF o u t l e t  may a l s o  be determined by ES-73. 
The en t rance  v e l o c i t y  t o  t h e  SAF o u t l e t  i s  determined by t h e  fo r -  
mula 

From shee t  2 of  ES-73 when vl = 51.2 f t / s e c  and d l  = 0.659 ft 
read  t h e  dimensions 

J = 11.5 f t ;  LB = 7.5 f t  

The he igh t  of t h e  end s i l l  i s  read from sheet  3 of ES-73 a s  s = 8 
inches 

The SAF o u t l e t  w i l l  not cause d i s s i p a t i o n  of  t h e  k i n e t i c  energy u n l e s s  
it has s u f f i c i e n t  t a i l w a t e r  height .  Serious e ros ion  w i l l  occur i n  t h e  
e r o d i b l e  channel downstream from t h e  SAF o u t l e t  whenever s u f f i c i e n t  
t a i l w a t e r  depth is  no t  p resen t .  The requi red  t a i l w a t e r  depth d l  may 
be read  from sheet  7 of ES-86 o r  sheet  3 of  ES-73. 

a; = 8.1 r t  
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